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Many motile cells, including epithelial cells, keratinocytes, leukocytes and cancer cells, can sense extracellular weak electric fields (EFs), and migrate directionally, a phenomenon termed electrotaxis/galvanotaxis (1) . Direct current EFs have been detected at wounds, tissue lesions and during development in many organisms, including human. The molecular mechanisms by which cell senses extracellular EFs, however, remain largely unknown (1) .
"Taxis" is the directional movement of a cell (or a free-moving organism) in response to environmental stimuli, and plays fundamental roles at both cellular and tissue levels (2) . Many types of taxis have been identified, and some of them are well characterized (2) . For example, directional migration of cells toward or away from a soluble chemical compound is known as chemotaxis, and many receptors that are necessary for sensing the chemical compound and transduce its signals to intracellular downstream pathways have been identified and well characterized (3) . Previous research demonstrated that galvanotaxis shares some similar signaling pathways with chemotaxis (4). Like chemotaxis, galvanotaxis is thought to be a crucial cellular behavior for maintenance of homeostasis in our body, e.g. wound healing, angiogenesis, and development. In addition, electric stimulation could be a promising therapeutic method to treat non-healing chronic wounds such as diabetic foot ulceration, since keratinocyte migration can be controlled/enhanced by exogenously applied EFs.
To discover sensor molecules/sensing mechanisms for extracellular EFs in galvanotaxis, we first developed a more efficient method to determine galvanotaxis responses of cultured cells. We then knocked down individual genes in a human corneal epithelial cell line (hTCEpi cells) using a siRNA library of 381 ion channels, pumps, transporters and other putative channel encoding genes. Screening of the knockdown cells produced a comprehensive profile of galvanotaxis phenotypes. This analysis identified 35 gene knockdowns that showed significant effects on galvanotaxis. Knockdown of KCNJ15 and eight others genes significantly decreased the directedness value (a quantification for how directionally cells move in an EF). Knockdown of CLCN1 or any of eight other genes significantly increased the directedness. From the ion channels identified, we focused on KCNJ15 because its knockdown showed the most severe reduction of directionality without affecting migration speed, and revealed a unique sensing mechanism (5 This study revealed that the concerted action of two molecules, potassium channel Kir4.2 and polyamines, are required for cells to sense an extracellular EF for galvanotaxis. Importantly, this sensing mechanism appears to be important for both cathode-and anode-migrating galvanotaxis. These data suggest for the first time a two-molecule sensing model in galvanotaxis. Caution should be noted here because this model is unlikely to be an exclusive one, because potassium transporter Trk1p, sodium channel ENaC, calcium channels and integrin have been shown to be required for EF sensing in yeast, and galvanotaxis of keratinocytes (7, 8) . Future studies should reveal a shared molecular basis of these different sensing mechanisms, and separation of sensing from signaling and motor machinery in directional migration. We expect an exciting and productive research field in the coming years in ion channel regulation of directional migration, which underlies many important biology and pathology processes. 
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